Lower Cretaceous Shurijeh-Shatlyk Formations host some of the main reservoirs in the Kopeh Dagh-Amu Darya Basin. Exploration in this area so far has focused on the development of structural traps, but recognition of stratigraphic traps in this area is of increasing importance. Integration of 3D seismic data with borehole data from thirteen wells and five outcrop sections was used to identify potential reservoir intervals and survey the hydrocarbon trap types in the East Kopeh Dagh Foldbelt (NE Iran). Analyses of horizontal slices indicated that the lower Shurijeh was deposited in a braided fluvial system. Generally, three types of channel were identified in the lower Shurijeh Formation: type 1, which is low-sinuosity channels interpreted to be filled with non-reservoir fine-grained facies; type 2, which is a moderately sinuous sand-filled channel with good prospectively; and type 3, which is narrow, high sinuosity channel filled with fine-grained sediments. Results indicate that upper Shurijeh-Shatlyk Formations were deposited in fluvial to delta and shallow marine environments. The identified delta forms the second reservoir zone in the Khangiran Field. Study of the stratigraphic aspects of the Shurijeh succession indicates that both lower and upper Shurijeh reservoirs are stratigraphic reservoir traps that improved during folding.
Introduction
The Kopeh Dagh-Amu Darya Basin (KDADB) is a large and producing world-class hydrocarbon province (Fig. 1a, Kryuchkov 1996; Ulmishek 2004; Brunet et al. 2017) . The KDADB contains several hydrocarbon-bearing fields on the Turkmenistan, NE Iran, Uzbekistan and north of Afghanistan most of which are gas fields (Fig. 1a) . The main explored fields are Galkynysh (or Yolotan-Osman, the largest gas field in the basin), Dauletabad, Shaltyk, Bayram-Ali, Islim, Gazli, Setalantepe, Shurtan, Khangiran and Gonbadli (Fig. 1a; Afshar-Harb 1979; Moussavi-Harami and Brenner 1992; Ulmishek 2004; Klett et al. 2006; Yixin et al. 2015; Hosseinyar et al. 2018 ).
The KDADB is bounded on the north side by the Kyzylkum high with Paleozoic metamorphic and igneous rocks. To the southeast, it adjoins the Afghan-Tajik Basin which was connected to the KDADB from the Early Mesozoic until Miocene times (Ulmishek 2004) . The South Caspian Basin forms the western boundary of the basin. To the south, it is bounded by the Palaeo-Tethys suture zone and Bande Turkestan Foldbelt (Fig. 1) . The Palaeo-Tethys suture zone occluded on the Cimmerian oceanic closure between Eurasia with Iran and Afghan blocks. It separates the Neo-Tethys Ocean from the KDADB (Robert et al. 2014; Siehl 2015) .
There are ten hydrocarbon plays in the KDADB (Yixin et al. 2015) , of which the main regional reservoirs include Lower-Middle Jurassic siliciclastics, Upper Jurassic carbonate, Lower Cretaceous siliciclastic rocks and Upper Cretaceous sandstones (Brookfield and Hashmat 2001; Ulmishek 2004) . Only Upper Jurassic carbonates and Lower Cretaceous siliciclastic rocks are identified as reservoirs in the Kopeh Dagh range (Afshar-Harb 1979 , 1982 Moussavi-Harami and Brenner 1992; Kavoosi et al. 2009 ; Kavoosi 2014). Shale and coal layers of the Lower-Middle Jurassic succession ( Fig. 2 ) are considered as source rock in the KDADB (Kalantari 1987; Ulmishek 2004; Klett et al. 2006; Robert et al. 2014; Saadati et al. 2016) . Based on molecular and isotopic analysis, accumulated hydrocarbons in the Lower Cretaceous and Upper Jurassic reservoirs (Fig. 2 ) are genetically thermogenic in the eastern Kopeh Dagh basin, derived mainly from source rocks with kerogen types III and II (Saadati et al. 2016 ). Robert et al. 2014 and Klett et al. 2006) The Lower Cretaceous succession (the main target of this study) has the main productive reservoirs in the Khangiran, Gonbadli and Dauletabad gas fields (Ulmishek 2004 ). This non-marine to deltaic and marine siliciclastic succession is known as the Shurijeh Formation in the Kopeh Dagh and Karabil, Almurad and Shatlyk (Qezeltash) Formations in the Amu Darya range (Fig. 2) . In this study, we use both equivalent Formations together [Shurijeh and Shatlyk (instead of Karabil, Almurad and Shatlyk)] to avoid the complexity of different Formation names in Iran, Turkmenistan and surrounding area.
Geological
Most of the hydrocarbon fields in the KDADB are considered as structural traps, especially in the Khangiran and Gonbadli fields (Afshar-Harb 1979; Moussavi-Harami and Brenner 1992; Ulmishek 2004) . The Lower Cretaceous succession reveals considerable lateral facies variations in the basin Brenner 1992, 1993; Ulmishek 2004; Klett et al. 2006; Mortazavi et al. 2013a, b; Hosseinyar et al. 2018) . On the other hand, recent studies and exploration of new reef reservoirs (e.g. in Galkynysh Field) in the basin are showing importance of stratigraphic reservoirs in exploration (Yixin et al. 2015; Brunet et al. 2017) .
The Hauterivian Sandstone Bed forms a reservoir zone in most gas fields of the KDADB, especially in the Murgab Depression (Fig. 1) where 90 percent of explored gas reserves are produced from these sandstones (Kryuchkov 1996; Ulmishek 2004) . The Khangiran Field is unique in the basin; it has formed distinct lower and upper reservoir zones in the Lower Cretaceous rocks (Hosseinyar et al. 2018) . The main objective of this study is to investigate the stratigraphic aspects of the Lower Cretaceous Shurijeh-Shatlyk reservoirs of the KDADB, focusing on the eastern Kopeh Dagh Foldbelt. In fluvial reservoir analysis, interpretation of fluvial style, shape, arrangement and distinction of sand-filled from mud-filled channels is the key elements for recognition of reservoir architecture (Carter 2003; Davies et al. 2007, b; Posamentier et al. 2007; Brown 2011; Miall 2014; Torrado et al. 2014) . In addition, understanding depositional systems in plain view is very important for prediction of sandstone reservoirs, because the palaeogeomorphology and sediment supply can control patterns of their spatial dispersal Zeng 2010; Zhu et al. 2013; Chinwuko et al. 2015; Eichkitz et al. 2015; Wang et al. 2016) . Therefore, we use seismic geomorphology techniques to evaluate the geological features and ancient buried geomorphological surfaces. Then, the results are integrated with borehole data, as another critical step, for analyses of lithological and sedimentological aspects for interpretation.
Geologic setting
The study area is located in the eastern Kopeh Dagh Foldbelt in the south of the KDADB. The present NW-SE to WNW-ESE elongated shape and structural features of the basin is the result of various orogenies from Paleozoic to the present (Alavi et al. 1997; Zanchetta et al. 2013; Robert et al. 2014; Siehl 2015; Zanchi et al. 2016; Brunet et al. 2017) . The main folding and thrusting of sediments occurred during the Alpine (Neogene-Quaternary) orogenic phases (Ramazani-Oomali et al. 2008; Robert et al. 2014; Jolivet 2015; Siehl 2015; Brunet et al. 2017) .
The oldest rocks in the region are Devonian to Triassic in age (Fig. 2 ), which were deformed by the Variscan and Early Cimmerian orogenies, and exposed in the Aghdarband erosional window and north of Afghanistan (Afshar-Harb 1979; Ruttner 1991 Ruttner , 1993 Garzanti and Gaetani 2002; Taheri et al. 2009; Zanchi 2009 Zanchi , 2016 Zanchetta et al. 2013; Siehl 2015) .
About 6 (in the margins) to 15 (in the center) km of sediments have been deposited since the Paleozoic in the KDADB (Siehl 2015; Brunet et al. 2017 Klett et al. 2006) . However, there have been several hiatuses within the Jurassic-Paleocene sequence in the basin (Fig. 2 , and see Robert et al. 2014; Brunet et al. 2017; Hosseinyar et al. 2018) .
During the Middle-Upper Jurassic marine transgression, a carbonate platform expanded in the basin and Middle Jurassic siliciclastic deposits is overlain unconformably by Callovian-Tithonian (Mozduran-Kugitang Formations) carbonate rocks. Mozduran-Kugitang Formations were deposited in a carbonate platform within a shallow-water carbonate shelf (on the northern and western parts) separated by a semicircular barrier reef complex (on the eastern and central parts) from deep marine environments toward the south and southeast of the basin. Patch reefs were identified in the Khangiran Field and along the outcrop belt to the south (Robert et al. 2014; Hosseinyar et al. 2018) . The carbonate rocks are overlaid by more than 900 m of evaporites of the Kimmeridgian-Tithonian Gaurdak Formation in the Murgab Depression and North Afghanistan (Fig. 2) . The salt and anhydrite of the Gaurdak Formation is absent in the Kopeh Dagh Foldbelt where the Mozduran Formation is directly overlain by Lower Cretaceous siliciclastic rocks of the Shurijeh Formation (Moussavi-Harami and Brenner 1990; ZandMoghadam et al. 2016; Aghaei et al. 2018) . Deposition of carbonate sediments continued until the Tithonian in the Kopeh Dagh Foldbelt (Kavoosi et al. 2009 ).
During the Late Jurassic-Early Cretaceous, a widespread regional regression took place in the KDADB 1 3 (Thomas et al. 1999; Golonka 2004 ) and red bed siliciclastics of the Shurijeh-Shatlyk Formations were deposited in non-marine to delta and shallow marine environments Mortazavi et al. 2013a, b) . The siliciclastic sandstone, siltstone and claystone grade into mixed salt-siliciclastic sediments to the east (Ulmishek 2004) . The Late Jurassic-Early Cretaceous regression affected the north of Afghanistan too (Brookfield and Hashmat 2001; Klett et al. 2006) . Lower Cretaceous siliciclastic rocks change gradually into conglomeratic lithofacies toward the south and southeast of the basin (Moussavi-Harami and Brenner 1992; Brookfield and Hashmat 2001; Klett et al. 2006) .
There are limited studies of the sedimentological characteristics of the Shurijeh-Shatlyk Formations particularly on the eastern part of the KDADB. However, recent studies of the Kopeh Dagh Foldbelt have indicated that the Shurijeh Formation derived from metamorphic, igneous and sedimentary sources exposed on the south and SW of the study area and was deposited under arid to semiarid climatic conditions at moderate palaeolatitudes (30°-40° N) Brenner 1990, 1992; Thomas et al. 1999; Mortazavi et al. 2013a, b) . As time passed, siliciclastic Shurijeh-Shatlyk Formations gradually changed to the calcareous deposits of Barmian-Aptian age (Fig. 2) . Marine carbonate and clastic sediments were deposited during the Late Cretaceous in the KDADB and continued with alternation of carbonate, sandstone and gypsum in the Palaeogene and with marine to continental deposits in the Neogene.
The Shurijeh succession is exposed along the outcrop in the south of the Khangiran and Gonbadli gas fields (Figs. 1b, c) . From a stratigraphic view, it is composed of pebbly sandstone, sandstone, siltstone, claystone and shale with thin anhydrite interbeds in the Khangiran and Gonbadli fields, which pass southwards and southeastwards into conglomerate-sandstone facies. Based on previous work and this study, the siliciclastic Shurijeh Formation was deposited in proximal braided rivers with gravely bed load in the lower part and sandstone-shale deposits in fluvial to shoreline and shallow marine environments in the upper part in the outcrop belt Brenner 1992, 1993; Mortazavi et al. 2013a, b; Hosseinyar et al. 2018) . The thickness of the Shurijeh-Shatlyk Formations increases from North Afghanistan and surrounding area to the central parts of the basin and evaporite facies are deposited in the eastern parts. The thickness of the Shurijeh Formation along the outcrop belt changes from 40 m in the Nar area to more than 900 m in the Khor section (to the west; 
Data and methodology
The data set available includes a 3D time-migrated seismic volume together with borehole data from thirteen wells and five outcropped stratigraphic sections. The Shurijeh Formation is exposed in the southern part of the study area (Fig. 1c) . Stratigraphic sections were measured in the Shurijeh Village, Anjeer-Bulagh, Mozduran Pass, East Qorqoreh and West Qorqoreh (Fig. 1c) . Thicknesses of the Shurijeh Formation in these sections are 92, 143, 197, 217 and 286 meters, respectively, from east to the west. Fourteen lithofacies are identified in this study including 11 terrigenous and 3 non-terrigenous lithofacies based on Miall (1985) . Description and interpretation of each lithofacies are briefly presented in Table 1 and Fig. 4 .
In total, well logs, core and cuttings data from 50 wells have been reviewed, and thirteen wells were selected for detailed analysis (Fig. 1b) . Wireline logs including gamma-ray, spontaneous potential, resistivity, density, sonic and neutron are used. Cuttings samples from the Shurijeh Formation were available for all wells, with 1 m (sometimes 30 cm) intervals, and core data were provided from wells KB, KC, KD, KL4 and G3.
The available 3D seismic cube with 25 × 25 meters as bin size covers two seismic surveys across an area of ~ 1000 km 2 which were acquired in the late 1990s and early 2010s. All horizons were interpreted on seismic section and beyond classic seismic stratigraphy and analysis, used for extracting geomorphological maps (Zeng and Hentz 2004) . Utilization of seismic geomorphology in conjunction with seismic stratigraphy allows stratigraphic geobodies to be extracted from the 3D seismic data. Different seismic attributes are necessary for extracting fluvial sedimentary features (and other possible geobodies) in petroleum exploration studies (Chopra and Marfurt 2007; Davies et al. 2007, b; Posamentier et al. 2007; Brown 2011) . In this research, coherency, instantaneous and texture (energy, entropy and homogeneity) attributes were extracted within the interpreted intervals to evaluate geological features and their lateral and vertical changes. Spectral decomposition based on continuous-wavelet transforms (CWTs) was also used in this study and has been applied at frequencies of 5, 10, 14 and 30 Hz.
Results

Well and outcrop-based studies
Sedimentological studies indicated that the Shurijeh Formation can be subdivided into four lithological units from base to top including (Hosseinyar et al. 2018) : Units A and B, as the lower Shurijeh, and Units C and D as the upper Shurijeh Formation.
Unit A this unit is composed of thin shale layers with medium to thick horizontal and planar cross-bedded sandstone lenses on the outcropped sections. Based on petrophysical logs with semi-funnel log motifs [in GR log (Fig. 5) ] and cuttings samples, the lithology includes reddish brown shale, claystone to siltstone with white anhydrite nodules. In well logs, this unit shows high gamma ray and moderate resistivity values (Fig. 5) . The neutron and density log curves are separated, indicating fine-grained facies. Although, total porosity of this unit is relatively good, but effective porosity is near zero (Fig. 5b) .
Unit B This unit includes grain-dominated conglomerate layers with thin to medium-bedded pebbly sandstone, siltstone and mudstone interbeds on the outcropped sections. This unit shows blocky or box-like trends in the gamma ray logs (Figs. 5 and 6) which in the subsurface samples (cores and cutting) has predominantly sandstone to microconglomerate facies with intercalations of thin claystones and siltstone layers. In well logs, resistivity increased and the neutron and density log curves coincide with each other (Fig. 5) . In wells KL1 and KL2, the GR signatures in the upper part of the blocky trend with siltstones to silty shale facies (Fig. 5) , interpreted as lateral accretion deposits (cf. Miall 2014) . The upper part of Unit B (in well logs) is determined by high gamma-ray content with a serrated trend and separation of density and neutron logs (Fig. 5) . This is interpreted as flood plain or coastal plain fine-grained deposits.
Unit C This unit is comprised of conglomerate and sandstone layers that mostly formed from carbonate and quartz pebbles in the East Qorqoreh and West Qorqoreh sections. In the Khangiran Field (based on cuttings), Unit C includes reddish to brown, fine to medium-grained sandstones with intervals of micro-conglomerate to pebbly sandstone, which changes upward to gypsiferous shale, siltstone and claystone layers (Figs. 5 and 6). Thin anhydrite layers are also present in this unit (Fig. 6 ). Clasts are mostly limestone fragments and quartz. In well logs, gamma ray and resistivity values are increased, and separation of the neutron and density logs is low (Fig. 5) . The variable contents of logs may be related to lithological and probable fluid changes. Unit C was mainly deposited in the western parts of the study area and thins toward the east in the Anjeer-Bulagh section and disappears in the Gonbadli Field as well as along the outcrop belt in the Shurijeh Village section (Hosseinyar et al. 2018) .
Unit D This unit is composed of fine to medium-grained thick to massive sandstones that are covered with green and purple shale layers in all outcropped sections. Calcrete palaeosols are present in the sandstone layers. In the borehole data, the uppermost unit (D) predominantly consists of fine to medium-grained, calcareous gray sandstones alternating Deposition in migration of cross tongue bars in braided fluvial systems (Miall 1985) B, C Gch Horizontally-stratified carbonate pebbly conglomerate Grains are mostly composed of sub-rounded micritic carbonate pebbles and quartz, stratified horizontally in middle Shurijeh F.
Deposition by high-energy currents in longitudinal barriers in channels C Gh Horizontally-stratified conglomerate Grains are mostly composed of sub-rounded quartz, igneous and metamorphic rock fragments and chert. Mostly with normal graded bedding.
Deposition in longitudinal barriers with low sinusoidal channels (Miall 1985) . Deposition by high sedimentation rates and sudden decrease in discharge (Røe 1987; Owen 1996) . Deposited in abundant channels in floodplain on the Khangiran Gas Field.
C with brown partly gypsiferous claystones and mudstones, light gray calcareous siltstones and a few layers of dark gray pyritic calcareous shale. Different log responses illustrate the sandstone facies in the lower part with low gamma ray and resistivity values and neutron and density log curves coincide, that change to upper high gamma ray and resistivity contents with separated neutron and density log curves (Figs. 5 and 6).
Seismic geomorphology
In total, eight horizons were interpreted on the seismic cube. The lowermost three horizons (A, B 1 and B 2 ) correspond to the lower Shurijeh Formation and the others to the upper Shurijeh. Calibration of seismic data with wells shows an excellent tie between log lithology and seismic amplitude, enabling the horizontal distribution of lithofacies to be identified. Impedance contrasts between the underlying Jurassic carbonates of the Mozduran Formation and the overlying shale of the Shurijeh Formation led to a strong reflector in seismic data. Sandstone intervals overlying the low impedance shale resulted positive/ negative reflection coefficients. Figure 7 shows energy, entropy and heterogeneity texture attribute slices of horizons A, B 1 and B 2 . The main channel belt is extracted from the central part of the horizons Slices A and B 1 , highlighted with relatively high values of energy and homogeneity and low entropy contents (Fig. 7) . This area shows high frequency in spectral decomposition (Fig. 8 and low values in coherency attribute maps (Fig. 10) , which is related to discontinuous or irregular geological features such as the edges of a carved valley (Chopra and Marfurt 2007; Infante-Paez et al. 2017 ). The main channel belt was recorded with discontinuous reflections on the seismic section ( Fig. 9a) and had flowed in a northeast direction (Figs. 7, 8 and 10) which turned downstream to the northnorthwest with a divergent pattern. Areas between the channels were low energy and homogeneity values with moderate entropy (Fig. 7) and low frequency in spectral decomposition attributes (Fig. 8 ) that can be related to the flood plain and overbank environments. Seismic attribute anomalies on the east corner of the attribute maps include some east to west channel shape features in Horizon Slice B 1 (Figs. 7  and 8 ).
Analysis of the attribute anomalies reveals channel features in the west side of the map (nominated Ch1) which had moderate-to-high energy with low entropy values on horizon Slice A and a moderate value of entropy on horizon Slice B 1 (Figs. 7 and 9c ). This channel 8.5 km in length was revealed in spectral decomposition at 30 Hz frequency, but was poorly defined in low-frequency spectral decomposition attributes (Fig. 8) . The narrow channel Ch2 (to the right of Ch1) 11 km in length is revealed in the spectral decomposition map at 30 Hz in horizons A and B 1 (Fig. 8) and coherency attribute on horizon B 1 (Fig. 10b, e) , which had flowed to the east, the same as Ch1. Channels Ch1 and Ch2 are not revealed on seismic attribute maps of horizon B 2 and analyses of these maps and seismic sections show channels Ch1 and Ch2 were filled before deposition of horizon B 2 (Figs. 7, 8, 9 and 10) .
Two other features of horizonsslices A and B 1 are extracted from seismic attributes, which are highlighted by the dashed polygons in Figs. 7, 8 and 10. Feature G1 has maximum length and width at about 2000 and 1300 m, respectively. This feature is interpreted as a confluence area where channels Ch1, Ch2 and Ch3 are connecting with each other. The confluence area (feature G1) filled during sedimentation of horizons A and B 1 , as attribute maps of the horizon B 2 do not show this feature (Figs. 7, 8, 9 and 10) . Feature G2 is about 3500 by 1500 m in size which is seen in all seismic attributes on horizon A (Figs. 7, 8a, d and 10a,  d ). Correlation with seismic sections (Fig. 9a) shows that feature G2 is related to channel incision at the base of the Formation.
Forms and locations of the extracted channels change from horizon Slice A to horizon Slice B 2 and channels migrated to the east-southeast. Moreover, channels Ch1, 
3
Ch2, Ch3 and Ch4 do not show on horizon Slice B 2 (Figs. 8  and 10 ). In addition, an abandoned channel is present in horizon Slice B 2 (Fig. 10c, f) . As shown in Fig. 10c , f, channels Ch3 and Ch4 are in yellow (ghost channels), while channel Ch5 and its tributaries in the northern parts of the study area are shown in blue. This indicates that the main river flow (in horizon Slice B 2 ) was limited to the channel Ch5 in the eastern area (Fig. 8) . Moreover, other fluvial features such as tributary channels and point bars are detected on the maps (Fig. 10c, f) . Generally, sinuosity of channels increases from horizon A to horizon B 2 (Figs. 7, 8 and 10 ). The seismic data analyses reveal that mean sinuosity of the channels in horizon A is 1.18 to 1.3, in horizon B 1 about 1.5 and in horizon B 2 is about 1.9-2.0.
As seen in Fig. 11 , horizon C 1 (beginning of the upper Shurijeh) is limited to the Khangiran area and pinches out to the east (Gonbadli Field and Badkhyiz-Maimana Uplift). Vertical seismic sections show discontinuous reflections in horizon C 1 as well (Fig. 9) . Seismic attributes reveal the channels in horizon C 1 flowed from S-N direction (Figs. 11a, b) . Gradually, sediments were more extended to the east and the flow direction changes to the northeast, during deposition of horizons C 2 and C 3 (Fig. 11c, d ). The amplitude of existing channels on spectral decomposition maps on C 2 and C 3 (Fig. 11c, d ) decreased downstream, while channel widths increased. Some local features present with high amplitude in the strike of channels are related to channel bend sediments.
Two delta features extracted from the seismic are the main geological features in the upper horizon (horizon D) of the Shurijeh Formation. These northeast oriented deltas and connected channels are extracted on spectral decomposition and instantaneous attributes (Fig. 11e, h ). Vertical seismic sections (Fig. 12) and stratigraphic well-log correlation (Fig. 6 ) confirm the presence of these deltas. The stratigraphic cross section along the axis of the delta shows the presence of sandstone layers related to the delta in boreholes (Fig. 6) . Seismic attribute maps indicate that both deltas migrate during deposition. This can also be seen on color blending spectral decomposition attributes as well (Fig. 11h) .
Discussion
As stated earlier, the Shurijeh succession formed two distinct reservoirs in the Khangiran Field. All wells were drilled based on structural traps and several dry wells had been drilled in the Shurijeh target. Analyses of sedimentary facies, seismic and borehole data indicate lithology and sedimentary elements vary throughout the field. In addition, the depositional systems of the lower and upper Shurijeh are different. Moreover, producing wells from Lower and Upper Shurijeh reservoirs are located in different areas.
Our results indicate a braided channel system for the lower part of the Shurijeh Formation along the outcrop belt Brenner 1990, 1992; Hosseinyar et al. 2018 ) and in the Khangiran Field. Generally, three different channel types are detected in the Lower Shurijeh Formation in the Khangiran Field, including:
Type I channels, on horizon A, display a low sinuosity (1.18-1.3) with relatively short meander-belts. As seen on the gamma ray and resistivity logs, their values on the channel belt and overbank area (on attribute maps) are high (Fig. 5) , indicating fine-grained claystone, siltstone and Fig. 7) . Generally, analyses of channel sinuosity and boreholes data demonstrate dominantly bypassed depositional conditions based on Posamentier (2001 and Karamitopoulos et al. (2014) . Before and during deposition of horizon A, in which channels incised into the lower carbonate sediments (Mozduran Formation), fine-grained facies have been deposited during marine regressions in flood plains and overbank areas. The same condition reported from other parts of the basin in Turkmenistan and North Afghanistan where channels eroded the Gaurdak and Upper Jurassic carbonate layers (Brookfield and Hashmat 2001; Ulmishek 2004; Klett et al. 2006) . Petrophysical analyses show that fine-grained facies in the unit A have high values of resistivity and the neutron and density log curves are separated from each other in all wells (Fig. 5) ; so that the total porosity is relatively good but the effective porosity is near zero.
Type II, in horizon B 1 , channel sinuosity changes from 1.3 to about 1.5 and seismic attributes show the creation of point bars (Fig. 10) . The log motifs and low resistivity values at the base of unit B in most wells are confirmed in conjunction with core and cutting data (sandstones, micro-conglomerates and siltstones). As well channel sinuosity confirms bed load deposition in the multi-channel braided fluvial systems. To the top of this unit, in some wells, resistivity increases and deep resistivity is differentiated from MSFL (Micro-Spherical Focused Log). In addition, the density log curve moved to the left side of the neutron log (Fig. 5) . Therefore, effective porosity is close to the total porosity in sandstone lenses in this unit. This is related to the presence of hydrocarbon (gas) which is assigned to downstream E-W trending channel sediments.
Based on seismic attribute maps, outcrop and subsurface stratigraphic data, a marine environment was established in the northwest of the Khangiran and west-southwest of the Murgab Depression (on the Kopeh Dagh Foredeep), during deposition of the lower Shurijeh Formation. Therefore, fluvial sand sized sediments deposited in downstream areas close to the marine environment are high potential reservoir layers in the Khangiran Field.
Type III, in horizon B 2 , includes channels with higher sinuosity and coastal plain features such as distributary and oxbow channels (Fig. 10) . The horizon slice B 2 shows the final stage of channel filling as the size and number of the channels reduced compared to B 1 and A. In addition, the coastal plain has migrated toward the east as sea/base level rises, covering the underlying channels (Figs. 7 and 10) . Channel system sinuosity increased in this horizon and ranges from 1.9 to 2.0. Borehole data and stratigraphic correlation indicate expansion of coastal and flood plain conditions and deposition of fine-grained sediments in this area (wells KL3 and KL5). Sandy-grained sediments were deposited in the channels that flowed toward the east and north sides of the field during this time (e.g. well KA2 in Fig. 5, 8 and 10) ; where the fine-grained facies are very thin (Fig. 5 ).
Relative sea/base level fall during deposition of the middle Shurijeh (unit C) has led to erosion and reworking of deposited sediments on the upstream area and surrounding palaeo-highs (Hosseinyar et al. 2018) . Deposition of upper Shurijeh Formation was affected by relative sea/ base level rise, based on seismic attribute maps and retrogradational pattern of facies in stratigraphic correlation section (Figs. 6 and 11) , where the coast line retrograded to the south in the east Kopeh Dagh Foldbelt and also to the east and north of KDADB (Hosseinyar et al. 2018) . The widespread flood plain environment dominated during deposition of the horizons C 1 and C 2 (unit C in well logs) in the Khangiran field which is recorded on the gamma-ray content in well logs (Fig. 6 ) and seen in the cuttings. Based on attribute maps (Fig. 11) , rivers flowed into the Khangiran Field at that time. It is recorded in borehole data, too (in wells KA1, KA2 and KB in Figs. 5 and 6 ). In addition, although gamma ray and resistivity values are relatively high in unit C, but density and neutron log curves do not differentiate more (Figs. 5 and 6 ). Fine-grained sediments (shale, mudstone) and evaporites (anhydrite) are mostly deposited in the flood plain. Channels on horizon slices C 2 and C 3 are revealed with low amplitude on attribute maps (Fig. 11) . This indicates channels with a fine-grained bed load (Ahmad and Rowell 2012) . Therefore, fine-grained sandstone and siltstone are deposited in channels which could not form a reservoir zone. The identified deltas in the Khangiran area were formed during sea level rise. As shown on the attribute maps, the western delta is a small delta and did not expand more (Fig. 11) . In addition, well log analyses indicate that the density log curve located on the right side of the neutron log and resistivity of the sandstone layers is low (well KL2 in Fig. 5 ). Therefore, it could not form a reservoir zone in the field. The eastern delta is distributed over a large area and thick sandstone facies had aggraded through time. Petrophysical investigation indicate a permeable sandstone zone where the density log curve located on the left side of the neutron log and resistivity logs separated from each other (Fig. 5) . All producing wells from Upper Shurijeh are limited to this high effective-porosity deltaic sandstone. The sandstone lenses are thin and do not form reservoirs in the rest of the Khangiran Field (Figs. 5 and 6) .
Moreover, in the Murgab Depression, the Hauterivian Sandstone Bed deposited in a delta setting, which its isopach maps and stratigraphical equivalents in Turkmenistan ( Fig. 13 in Ulmishek 2004) show that this formation thins toward the basin margin (from 120 to 130 m in the central basin to 10-20 m in the margin), toward the Khangiran and Gonbadli fields. It seems that the Formation of these deltas took place at the same time according to the relative sea level rise (Hosseinyar et al. 2018) . 
Conclusions
Seismic geomorphological analyses indicate that the palaeo-flow direction in the Khangiran Field was from the south-southwest toward the northeast, where it turned to the north-northwest downstream. This kind of directional change might be explained by buried east-west trending deep-seated faults. Early Cretaceous marine regression as well as erosional/ bypassing conditions led to distribution of a multi-channel fluvial system in the KDADB. Then, non-marine (dominantly fluvial) facies deposited in the Afghan-Tajik to the Khangiran area, which gradually changed to coastal and shallow marine sediments to the west. As a result, the fluvial channel-fill sandstones formed a unique reservoir zone in downstream parts of the rivers in the Khangiran Field. Therefore, the lower Shurijeh Formation has potential for reservoirs, depending upon the distribution of channels as well as the reservoir quality of the channel-fill deposits.
This study also showed that the main Lower Cretaceous reservoirs of the KDADB are formed in deltaic systems (e.g. Khangiran and Dauletabad fields) which are related to depositional conditions and paleogeography of the basin.
Our conclusion emphasizes the stratigraphic aspect of the Shurijeh-Shatlyk reservoirs in the eastern Kopeh Dagh Foldbelt where the reservoir potential also improved during folding. In addition, distribution of producing wells on the Khangiran and Dauletabad fields supports stratigraphic elements of the traps. Therefore, the possible delta and barrier island deposits (far from the evaporite of the Gaurdak Formation) and also fluvial channels (as a second prospect) of the Shurijeh-Shatlyk succession can be the best prospective areas for future exploration in the KDADB. Fig. 11h 
